Iron solubility in aluminium can be extended through the rapid solidification route, allowing the precipitation of a high volume fraction of intermetallic phases. In the ternary Al-Fe-Si system, the observed metastable hardening phase Al13Fe3Si is sensitive to ripening. Thermal stability can be improved by modification of the surface energy of the precipitate, i.e. by lattice parameter variation, through addition of a transition metal: vanadium in the 8009 alloy and molybdenum in this study. The volume fraction of the silicide phase Al13(Fe,Mo)sSi can be monitered by the silicon content. With high enough Mo content, an additional hardening is expected from the Al12Mo phase. In addition to a stabilization effect of the silicide phase, molybdenum can also change the kinetic of transformation of the silicide into the coarse, brittle, equilibrium phase Al13Fe4. The molybdenum content was kept lower than 1 at% because the lower the liquidus temperature, the easier the atomization process. The powders are elaborated by centrifugal atomization and consolidated by hot extrusion. Phase characterization and mechanical properties in the as-extruded condition, or after high temperature exposure are reported in this study. X-rays diffraction shows mainly the presence of the silicide phase. The microstructure is so fine that only the large particles with an irregular morphology can be detected by SEM. Preliminary MET investigations of the alloy Al-2.5Fe-0.5Mo-1.OSi (at%) show that these large particles are composite precipitates. We also noted some small spherical phases probably also the silicide phase. Such differences in precipitate size could be linked to differents solidification regimes. The mechanical properties of the extruded bars are tested at room temperature after 100 hours exposure at different high temperatures.
TNTRODUCTION
The aluminium alloys for high temperature applications are developed by means of the rapid solidification process (1) (2) (3) (4) (5) . One of the most attractive system is the Al-Fe-Si-Transition metal, and among them the most studied is the Al-Fe-V-Si. These alloys have elevated temperatures strengths and stability but their ductility degrades near 723 K, due to the precipitation of the coarse phase Al13Fe4. But other transition metals such as Mo could present interesting properties. Skinner (1) has showed that the Al-Fe-Mo-Si system has smaller silicide dispersoid diameter and consequently higher strength than the alloys stabilized with other transition metals, even up to 500 K. An other previous result (2) shows that in the Al-Fe-Mo-Si alloys the brittle phase Al13Fe4 does not precipitate even after 100 hours aging at 723K. For this study the powder route was preferred to melt spinning and other compositions explored.
EXPERIMENTAL
The A1-2.5Fe-0.5Mo-1 .OSi (at%) alloy is centrihgally atomized under helium gaz. The lot 50-100 pm of the rapidly solidified powder is degassed and canned. Consolidation is achieved by hot extrusion at 673 K through a conical die (extrusion ratio of 22:l). The microstructures of powder particles and extruded bars are investigated by scanning electron microscopy. Transmission electron microscopy observations are achieved on nickel-plated powders. Phase identification is performed by X-Ray Co-Kci diffraction. The extruded bars are heat treated in argon atmosphere for 100 hours at 573, 673, 753 or 823 K. The tensile samples (4mm in diameter and 16rnm in gauge length) machined in the bars, are deformed under a strain rate of 2.6~10-~s-'. Complementary informations are derived from Vickers microhardness mesurements (a 100 gf load is applied for 20 seconds).
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Microstructure
Powder particles are spherical with either precipitate free cellular surfaces or precipitate-covered surfaces (firmre 1). Observations of uarticles sections show that. exceDt a few articles exhibiting: onlv a solid sol;ti&, t h i same precipitates ire observed in the bulk (fibre 2): they sekms spherical witx a core different from the outside layer. Finer features are obtained by TEM ( figure 3 ): electron diffraction failed to determine the nature of the precipitate core. However because the X-Ray diffraction pattern underlines only two phases in the as solidified condition, the All3(Fe,Mo)3Si phase and the A1 matrix, we assume as other authors (3), that this composite precipitate is formed by an inner quasicrystalline phase surrounded by small silicide particles of cubic structure. TEM shows two other important microstructural features: an intercellular precipitation (figure 4) resulting from segregation during the solidification and a very fine precipitation of Al13(Fe,Mo)3Si in the grain (figure 5). The composite precipitates are still present after extrusion (figure 6). A slight coarsening could have occurred during extrusion. The microstructure is not completely homogeneous, some precipitate rich zones are observed (figure 7). High temperature exposure for 100 hours does not change the microstructure as observed by SEM of the powder or of the consolidated bar up to 723 K: indeed X-ray d@iaction shows a very limited precipitation of the Al12Mo. In return, at 823 K a considerable amount of this phase is detected. A more detailed study of the silicide coarsening and Al12Mo precipitation needs additional TEM investigation. 
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Even if the thermal stability of the silicide phase is excellent some diffusion must take place during high temperature exposure. This fact is underlined by the evolution of the parameter of the cubic phases (silicide, fig. 8.a and matrix, fig. 8.b) : the larger variation observed on the powder indicates that some stoichiometric change of the silicide phase occurs during extrusion. The variation of the matrix parameter observed at high temperature (>753 K) ilustrates the probable release of Mo atoms from solid solution leading to Al12Mo precipitation.
Mechanical Properties
The alloy composition was chosen in order to obtain a volume fraction of 16% silicides and 4% AllzMo phase. As previously mentioned, there is no Al12Mo precipitation in the as extruded condition. The tensile properties and the density of our alloy, in the as extruded condition, are very similar to those of the FVS0611 alloy (4), (see table I ). In that way we think that the Mo which is in solid solution has not a strong hardening effect. As can be seen in figures 9 and 10 the mechanical properties are relatively constant up to 753 K.
Microhardness does not vary too much up to 673 K. Above this temperature, the hardness decrease may be due to the coarsening of the silicide phase while the further hardness increase ( fig. 9 ) could be related to the strong Al12Mo precipitation, as detected by X-Ray diffraction. (4)) in the as consolidated condition.
A good level of ductility is maintened up to 823 K: that confirms that molybdenum delays the precipitation of the embrittling Al13Fe4 phase (2) . An other interesting feature of molybdenum could be to pin the grain boundary by Al12Mo precipitation, as observed in binary Al-Mo alloys (6), avoiding recrystallization. The 0.2% yield strength and the ultimate tensile stress have the same behaviour after 100 hours of high temperature exposure as the Al-Fe-V-Si alloys, but because of the lower volume fraction of precipitates (16% of silicides against 24%) and the choice of the elaboration route (centrifugal atomization instead of melt spinning) slightly lower performances are noticed, compared to A-Fe-V-Si (5). Figure 10 -Room temperature UTS, G0.2% and elongation variation with exposure temperature (100 hours exposure).
CONCLUSIONS
The performances of such Al-Fe-Mo-Si alloys, elaborated through the powder route, therefore bypassing ihe comminuting step of the ribbon, seem interesting. Their dictility ievel is maintened up to 823 K, good formability could be expected. However it must be checked that this alloy has not to face the same strain rate sensitivity problems as the 8009 alloy.
